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(54) Determination optique des positions relatives d'objets dans I'espace 



(57) L'installation optique de determination des po- 
sitions relatives d'au moins deux objets (R) tels que des 
roues de vehicule comporte deux systemes optiques 
(12, 14) de determination de la position d'un objet dans 
I'espace, chacun par rapport ^ son repere d'observation 
(012. CI 4). Un systeme optique de reference (12) com- 
porte une cible (26) visible depuis I'aulre systeme opti- 
que (14) en I'absence des objets (R). Uautre systeme 
optique (1 4) comporte des moyens (20) d'analyse d'une 
image de Ja cible (26) et des nrrayens (20) de position- 
nement de la cible (26) par rapport a son repere d'ob- 
sen/ation (CI 4). pour en deduire la position du repere 
d'obsen/ation (CI 4) de I'autre systeme optique (14) par 
rapport au repere d'observation (C12) du systeme opti- 
que de r§f 6rence. ^ partir des positions de la cible (26) 
par rapport au repere d'observation (Ci4), et de la cible 
(26) par rapport au repere d'observation (CI 2) du sys- 
teme optique de reference (12). 

Application au controle de geometrie d'un vehicule. 
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Description 

[0001] La presente invention concerne une installation optique de determination des positions relatives d'au moins 
deux objels dans Tespace. du type comporlant au moins deux systemes optiques chacun associe a un repere d'ob- 

5 servation. les systemes optiques etant adaptes chacun pour ta determination de la position d'un objet dans I'espace 
par rapport a son repere d'observation: a partir d'une image de I'objei relevee par ledil sysleme optique. 
[0002] Elle concerne en outre un procede de determination des positions relatives d'au moins deux objets dans 
I'espace, du type mettant en oeuvre au moins deux systemes optiques chacun associe a un repere d'obsen/ation. les 
systemes optiques etant adaptes chacun pour la determination de la positbn d'un objet dans I'espace par rapport a 

JO son repere d'observation, a partir d'une image de I'objet relevee par ledit systeme optique. 

[0003] Pour le controle de la geometrie d'un vehicule automobile, il est necessaire de connaitre les positions relatives 
des roues du vehicule. Ces informations permettent de controler et d'eventuellement corriger le parallelisme des roues 
et en particulier la geometrie du vehicule. 

[0004] A cet eff et, on connait difterenies installations et precedes permettant. a I'aide de plusieurs'systemes optiques 
15 Observant chacun une roue du vehicule. de determiner les positions relatives de ces roues. De tels dispositifs et pro- 
cedes sont decrits par exemple dans les documents WO-94/05969 et US-A-5,675.51 5. 

[0005] Dans ces installations, les systemes optiques sont formes par des cameras independantes. ou une camera^ 
unique associee a des ensembles de lentilles definissant des chemins optiques distincts pour un meme faisceau irt- . 
cident. Les systemes optiques permenent I'obsen/ation stmultan6e des roues du v6hicule, et. ^ partir des images de 

20 celles-ci, de determiner leurs positions relatives. 

[0006] A cet eff et, il est necessaire que les diff erents systemes optiques soient dans des positions relatives connues, 
sans quoi il est impossible de correler les informations obtenues a partir des images de chaque roue. Pour ga.rantir 
des positions relatives fixes des systemes optiques les uns par rapport aux autres. les dispositifs decrits dans ces 
documents prevoient des structures mecaniques rigides sur lesquelles sont immobilises les systemes optiques. 

25 [0007] La presence de tcllos structures mecaniques rigides rend {'installation cncombrantc. Do plus. ccl!c<;i est 
fragile puisque la deformation, par exemple suite a un choc involontaire, des structures mecaniques rigides conduit a 
des erreurs de mesure des positions relatives des roues du vehicule. 

[0008] L'invention a pour but de proposer une installation et un procede optiques de determination des. positions 
relatives, dans I'espace, tfau moins deux objets, notamment des roues de vehicules. I'installation ayant un encombre- 
30 ment reduit. une mise en oeuvre aisee, et une sensibilite reduite aux conditbns rigoureuses rencontrees dans un 
garage. 

[0009] A cet effet. l'invention a pour objet une installation optique de determination des positions relatives d'au moins* 
deux objets dans I'espace. du type precite. caracterisee en ce que les systemes optiques sont depla^ables les uns 
par rapport aux autres. en ce qu'un systeme optique, constituent un systeme optique de reference, comporte un en- 

35 semble de points de reference, de configuration geometrique connue, I'ensemble des points de reference etam- im- 
mobilise dans une position connue par rapport au repere d'obsen/ation du systeme optique de reference, et visible 
depuis le ou chaque autre systeme optique en I'absence des objets. en ce que le ou chaque autre systeme optique 
comporte des moyens d'analyse d'une image de I'ensemble des points de reference et des moyens de positionnemerit 
de I'ensemble des points de reference par rapport k son repere ^observation, et en ce qu'elle comporte des moyeris . 

40 de deduction de la position du repere d'observation du ou de chaque autre systdme optique par rapport au repdre 
d'observation du systeme optique de reference, a partir de la position de I'ensemble des points de reference par rapport 
a chaque repere d'observation. et de la position connue de fensemble des points de reference par rapport au repere 
d'observation du systeme optique de reference. 

[0010] Suivant des modes parttculiers de realisation. I'installation optique comporte I'une ou plusieurs des caracte- 
*f5 ristiques suivantes : 

chaque systeme optique comporte une cam6ra vid6o support6e par un pied et reli6e d une m6me unit6 centrale 
de trailement d' informations ; 

ledit ensemble de points de reference comporte un groupe de marques visibles discretes coplanaires ainsi qu'au 

50 moins une marque visible non coplanaire : 

elle comporte des appliques adapt *es pour etre solidarisees chacune a un objet dans une position connue, et en 
c que chaque systeme optiqu comporte des moyens de determination de la position d'une appliqu danst' spac 
par rapport a son ropero d'obsen/ation ct des moyens do deduction dc la position do I'objet par rapport a son 
r p' re d'observation a partir de la position determinee de I'applique par rapport a son r pere d'obs n/alion et de 

55 la position connu de I'applique par rapport a I'objet ; 

- I'inslallation comportant quatre syst " m s optiques destines a etre dispos ' s sensiblement aux somm ts d'un qua- 
drilater pour ta determination des positions relatives de quatre objets dans I'espace. les objets etant disposes a 
I'interieur de la /one delimitee par le quadrilat^re. comporte deux installations optiques telles que definies ci- 
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dessus rensemble des po.nls de relerence d-un prem.er systeme opuque de reJerence etant visible depu.s le 
second systeme oplique de relerence en I'absence des obiets le second syslerrie oplK,ue de relerence comporle 
des moyens d'analyse tfune image de rensemble des potnls de relerence du premier systeme optique de relerence 
et des moyens de positionnement de rensemble des points de relerence par rappon a son repere d'observation. 

5 elle comporte des moyens de deduction de la posifon du repere d'observation du second sysleme oplique de 

relerence par rapport au repere d'observalion du premier systeme optique de relerence du premier sysleme op- 
lique de relerence. a pan.r de la position de I'ensemble des points de relerence du premier systeme oplique de 
relerence par rapport au repere d'observalion du second systeme optique de relerence. et de la position connue 
de rensemble des points de relerence du premier systeme optiquede relerence par rapport au repere d'obsen/alion 

w du premier sysleme optique de relerence, et elle comporte des moyens de deduction des positions relat^^es des 

reperes d'obseroalion de chaque systeme optique 

[00111 Uinvention a en outre pour objet un procede oplique de determination des positions relatives d'au moins deux 
objels dans respace. du type precite. caraclerise en ce que les systemes optiques sont depla^ables les ^'^lP^<'^P<'!l ■ 

>s aux aulres. en ce que fon munil un systeme oplique. constituant un sysleme optique de relerence d un enserrible de 
points de relerence, de contigural.cn geomelrique connue, I'ensemble de potnts de relerence etant irmtob.^e dan 
une position connue par rapport au repere d'observalion du systeme optique de relerence, el visible dep is le ou 
Chaque autre systeme oplique en I'absence des objets. en ce que le ou chaque autre sysleme oplique ana^se une 
image de I'ensemble des points de relerence et d6temr,ine le positionnement de I'ensemble des points de r6Ierence 

20 par rapport a son repere d'observalion. el en ce que I'on deduil la position du repere d'observat«n du ou de chaque 
autre sy^eme optique par rapport au repere d'obsen^atioo du systeme optique de relerence, a part., de ^ pos.t.on de 
rensemble des points de relerence par rapport a chaque repere d'observalion, el de la posrt.on connue de I ensemble 
des points de relerence par rapport au repere d-obsen/ation du systeme optique de relerence. 
[001^ L'nvenlion sera mieux comprise a la lecture de la description qui va suivre. donnee unK,uement a litre d exem- 

25 plo ot laito on so rclcrant aux dossins, sur Icsqucis : 

. La tigure 1 est une vue de dessus d'une installation optique selon I'invention adaptee pour determiner les positions 
relatives des qualre roues dun vehicule automobile : ... ^ ^ . , 

- Les figures 2A et 2B sonl des vues en perspective d'un meme systeme oplique de relerence du dispositil de la 
30 ligure 1 sur lesquelles sonl representes respectK/ement un repere d'observalion propre a I'organe de recue.l d .ma- 
ge et un repere visible d6iini par un ensemble de points de relerence ; ha^i. 

- La ligure 3 est une vue en perspective d'un systeme optique de relerence dispose lace a un m,ro.r qui est dep^- 
Cable entre deux positions, afin de detenniner la position du repere d'observalion du systeme opfque par rapport 

3S . La SSuTe''4 esriiTe' vue 'schemaUque illustranl la detemnination selon finvenlion des positions relatives des reperes 
d'observalion de deux systemes optiques en regard. 

(001 31 Uinstailation representee sur la figure 1 est destinee a delemiiner, de maniere optique, les positions relatives 
des qualre roues R d'un v6hicule automobile d6signe par la r6f6rence 10. b w.. „£hir.,iP 

40 [0014] L-mstallation comporte quatre systemes optk,ues 12. 14. 16, 18 assoc.es chacun a une oue R du vehcu le_ 
"oiportentchacunuZLnera video CCD not^e 12A, 14A, 16A. 18A. C^^ 

enlrale de traitement d'inlormations 20 fom^ee par exemple par un ordinateur adapte pou, traile les '"«9esje?ues. 
froiSl Lessyslemesoptlques12.14, 16, 18 sonl depla?ables les uns par rapport aux autresaulourduveh«u^e1 a 
Pour un lonclLemenlcorrect de rinstallat.on, les systemes optK,ues sonl disposes immob.les aux quatre sommets 

45 d'un auadrilalere, notamment un rectangle entourant le vehicule. ^ - ^ , oa ^ct 

?(il6] Le systeme optique 12 est represents en perspective sur tes ligures 2A el 2B. La camera vdeo 12A est 
iupportee par un trepi!L 24 adapts pour fetre pos6 sur le sol. En outre, la camera t2A f^'^'^^ ^ ^"//'^'^^^ 
deSmssanl'lfn repere visible (O.xy.) not. A1 2. e. visible sur la ligure 2A. La cib.e 26 est ''^^^J^l^'"^^]^^^^^^ 
mecaniques par rapport ^ la structure de la camera el notamment par rapport a son repere dobservation (O xy z ) 

so :oircT2 Ae?ep4^observation C12 est lie a I'organe 28 de recueil d'image de ^ camera 12A et notamment a son 

fSlr Usyslm optique 12 cor^stitueun system optK,ue de rer r nee. D meme Je systeme optique 1 6. disjx^^ 
S^ns ic cot, oppose par rapport au vehicule dans la configuration dc la ligure 1, consLtuc cgalomcn. un systemic 
optique de refer nc et a une slructur identique a c II du syst me optK,ue 12. „,n -ra video 

SB S)18] Aucon,raire.lessyst m sopliqu s 14 i ,8sontdepoun,usdeable tcomport ntun s.mpl cam ravdeo 
14A ISA Dortee par un trepied de support. ♦^..^^lOaiiR 
0019] E^varianie. les systemes optiques 14 et 18 sen. de m'me structure que tes «V«'«"; ^ oP'^^f^^^^^^^^ 
Dans ce cas. les qualre systemes optiques sonl des systemes optiques de relerence. ce qu. permet des mesures 
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redondantGS et done une plus grande fiabilite du resuUat de ces mesures. 

[0020] Comme represente sur la figure 2A la cible 26 esl (ormee par example par un disque de centre O a la 
peripheric duquel sont repartis douze points coplanaires 26A. En outre, la cible 26 comporte un treizieme point 26B 
dispose en avant du plan principal du disque comportant les douze points 26A. 
5 [0021 ] Ce point panicularise angulairemeni le disque 26 et permet de definir deux axes orthogonaux. Ox et Oy dans 
le plan de la cibte. L'axe Oy passe avantaqeusennent au droit du point 26B. 

[0022] La cible 26 presente un axe principal de symelrie defini par les douze points coplanaires repartis regulierement 
a la periphene du disque. L'axe principal de symetrie forme un axe Oz perpendiculaire aux axes Ox. Oy. 
[0023] Les axes Oz, Oy. Oz et le point O definissent le repere visible A1 2. 
10 [0024] Ainsi. la cible 26 constitue un ensemble de points de reference, de configuration geometrique connue defi- 
nissant le repere visible A1 2. Celui-ci est immobilise dans une position determinable par rapport au repere d'observation . 
C12 de la camera. 

[0025] Comme represente sur la figure 2B. le repere d'observation C12 a pour centre, note O', le centre du capteur 
CCD de la camera 12A. Le repere d'observation esl defini par un triedre (O'x', O'y'. 0*z'), ou O'z' est l'axe opiique de 
15 la camera. O'x' est un axe parallele aux lignes horizontales de pixels du capteur CCD et Oy est un axe parallele aux 
colonnes verticales de pixels du capteur CCD. 

[0026] La configuration geometnque de I'ensemble des points de reference de la cible 26 est memorisee dans Tuniie 
de traitement d'Informations 20. 

[0027] L*unit6 de traitement d'informations 20 comporte des moyens de mise en oeuvre d'algorithmes de determi- 
20 nation de la position d'un objel dans I'espace. En particulier, elle esl adaplee pour determiner la position d'un objel 
portant un ensemble de points de reference disposes suivant une configuration geometrique connue, cette configura- 
tion etant prealablement memorisee dans I'unite 20. Cette position est determinee a partir de I'image de cet objet-prise 
par une camera retiee a I'unite de traitement d'informations. La position de Tobjet dans I'espace est calculee par rapport 
au repere d'obsen/ation C1 2 de la camera. L'algorithme mis en oeuvre est de tout type adapte et par exemple du type 
25 dc cclui dccrit dans la dcmande WO 94/05969. 

[0028] En vue de la mise en oeuvre de tels algorithmes. il convient d'utitiser des cameras prealablement etatonnees 
pour compenser les erreurs resultant des imperfections de la camera et du capteur qu'elle comporte. 
[0029] A cet effet, on determine, pour chaque camera, ses caracteristiques intrinseques (repere d'obs en/at ion, dis- 
tance focale. taille des elements d'image ou pixels, distorsion radiale, distorsion tangentielle) et ses caracteristiques 
30 extrinseques (matrices de rotation et de translation qui. appliquees a I'objet observe, fornr>ent une image strictement 
identique a I'image observee par la camera debarrassee de ses distroslons). On determine ainsi par des methodes 
connues les corrections devant etre apportees aux images produites afin de determiner une position correcte d'un 
objet dans I'espace. 

[0030] Pour la mise en oeuvre du procede selon I'invention. il est necessaire de connaitre, pour chaque systeme 
3S optique de reference 12. 16. les positions relatives du repere d'observation de la camera, et du repere visible defini 
par la cible. En effet. il est extremement delicat, voire impossible, lors de rimmobilisation de la cible sur la camera, de 
fixer celle<i de sorte que les deux reperes C12 et A12 soient exactement confondus. 

[0031] Sur la figure 3 est illustr^ le procedd mis en oeuvre pour determiner la position relative des deux reperes C12 
et A12 propre au systeme optique 12. Le proced^ utilise pour le systeme optique 16 est analogue. 
40 [0032] Suivant ce procedd. le systeme optique 12 est dispose en regard de ta face reflechissante d'un miroir plan 
50. Ce miroir est suspendu k une potence 52. Les moyens de suspension sont adapt^s pour un mouvement libre de 
rotation du miroir autour d'un axe vertical A. 

[0033] Le miroir 50 comporte sur sa face reflechissante un ensemble de marques de reference 54A constitutes par 
des disques noirs repartis, en figure geometrique connue tel qu'un carr6. a la periphene du miroir tJne marque de 

-^5 reference supplementatre 548 est disposee en avant de la face reflechissante du miroir 50. La configuration geome- 
trique des marques de reference 54A et 548 est connue et memorisee dans I'unite de traitement d'informations 20. 
[0034] Sur la figure 3 la nomnale au miroir 50 est not6e n. Cene normale est perpendiculaire au miroir et passe par 
le centre de la figure delimitte par I'ensemble des marques 54A et 548. Le miroir comporte un repere propre (O^. 
'^rnVm^m) ^^^^ '® centre O^ est le centre de la figure delimitee par les marques 54A. L'axe O^z^, s'etend suivant la 

50 normale n. Les axes O^x^ et O^y^ s'6lendent perpendicutairement I'un a Tautre dans le plan du miroir 50. Avanta- 
geusemenl Tax Op^y^s*'! nd para lie lement a l'axe 

[0035] La cible 26. portant r nsemble des points de reference 26A et 268, se reflechit sur la surface reflechissant 
du miroir 50 et forme sur Ic miroir uno imago dc la cible notcc 56. 

[0036] Ainsi. la camera 12A recu ille. dans le r pere d'obs n/ation CI 2. une inr^g de ta face r flechissant du 
55 miroir 50 comportant d'un part Tens mble des marqu s de r fer nee 54A et 54B, t d'autre part I'image r 'flechie 56 
de la cibi porte par te systeme optique. 

[0037] La camera 1 2A etant reliee k I'unite de traitement d'informations 20 celle-ci determin . a partir de I'algorithm 
menrwrise. la position du miroir 50 par rapport au repere d'observation C12 ^ partir de I'image prise de I'ensemble des 
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marques de reference 54A et 54B portees par le miroir. 

[0038] ' De meme Tunile de Iraitement d'inlorm?Jtions 20 determine par mise en oeuvre de ralgonlhme memonse 
la position de I'image vinuelle de la cible 26 par rapport au repere d'observalion C 1 2 de la camera. Plus particuHerement . 
runite de trailement d'informations 20 determine la position d'un repere visible virtuel (OVx^z") associe a Timage 
virtuelle de la cible 26 par rapport au repere d'observation (O'.x'y'z") de la camera. 

[0039] Le repere visible vtrluel (Or x-y'z*) est Timaqe virtuelle du repere visible (O.xyz) obtenue par reflexion dans 

le mirotr 50. a> v 

[0040] A partir des positions relatives, du repere d'observation (O'.x 'y'z') par rapport au repere du mirotr (0^.x^y^2„,) 
d'une part, et du repere visible virtuel (Orx-y'z-) par rapport au repere d'observation(O'.xyz') d'autre part. I'unite cen- 
irale de traitement d'informations 20 determine la position du repere d'observation (O'.x'y'z') de la camera, par rapport 
au repere visible {0,xyz) defini par la cible 26. 

[0041] A cet effet. I'unite de traitement d'informations 20 precede de la maniere suivante. 

[0042] Par I'algorithme mis en oeuvre par I'unite 20 la position de Pimage virtuelle. correspondant a I'image 56 de 
la cible et obtenue par reflexion dans le miroir 50. est determinee par analyse de I'image recueillie par la camera 1 2A. 
[0043] Ce positionnement permet de determiner une matrice M^^ de passage entre le repere virtuel (O'.x'y-z-) he 
a rimage virtuelle et le repere d'observation (0\x'yz'). Ce changement de repere s'exprime, sous torme matricielle. 
de la maniere suivante : 



20 



2S 



M(^y etant une matrice 4x4. 
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OLJ R est une sous-matrice de rotation 3x3 
T est une sous-matrice de translation 1x3 ; 

(xVyVz") sont les coordonnees d'un point M dans le repere visible virtuel (O^.x'y'z") : et 
(x'.y'.z') sont les coordonnees du point M dans le repere d'observalion (OVx'y'z'). 



[00441 Par un algorithme de meme type, I'unite de traitement d'inforrrations 20 determine la position du miroir 50, 
et notamment de son repere associe (0„.x,y„z„) dans le repere ^observation (0',xyz') lie a la camera. Pour ce 
faire I'unite de traitement d'informations 20 analyse I'image du miroir 50 recueillie par ia camera et determine la position 
du miroir 50 a partir de I'analyse de la position des nnarques de reference 54A et 54B apparaissant surl'image. 
[00451 Une matrice de passage entre le repere d'obsen/alion (O'.xyz*) et le repere (0^,x„y„z„) du miroir est 
ainsi determinee Les coordonnees d'un meme point M dans les deux reperes sont done liees par la relaton : 



(1) 
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avec est une sous-matrice de rotation 3x3 
est une sous-matrice de translation 1x3 ; et 
(^rn^Ym Zm) so^it les coordonnees du point M dans le repere du miroir (O^.x^ymZm)- 



d'ou Ton dedutl 
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oi) M^*^ est I'inverse de la matrice M^. 
w [0046] Ainst. il est possible d'exprimer, dans le repere visible virtuel (OVx" y"2') les coordonnees d'un point M en 
fonction de ses coordonnees dans le repere du miroir (O^.x^y^z^,) par la relation matricietle suivante ; 
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20 [0047] Afin de determiner la position d'un point reel M dans le repere du miroir (On^.x^y^z^), on utilise la propriele 
selon laquelle Timage virtuelle d'un point de coordonnees (x.y.z) dans un repere donne. lorsque le miroir s'etend suivant. 
le plan Ox. Oy= a pour coordonnees (x.y,-z). 

[0048] Ainsi. les coordonnees {x",y'.z*) de I'image virtuelle dans le repere visible virtuel du point M de coordonnees 
(x,y,2) dans le repere visible sont obtenues par Tapplication de la matrice diagonale suivante : 

2S 



30 



100 0 
0 10 0 
0 0-10 
000 1 



35 [0049] Les coordonnees (xyz) d'un point M exprimees dans le repere visible (O.xyz) s'expriment. en fpnctioh des 
coordonnees (x^y„z„) de ce meme point dans le repere du miroir (0^,x^y^z^). sous ta forme : 
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En notant M^' = M^^' ' S^. M^' est done la nnatrice de passage du reperedu miroir {O^.x^y/f^z^) au repere visible (O.xyz). 
[0050] Afin de d6terminer les coordonn6es d'un point dans le rep6re visible (O.xyz) k partir des coordonnees (x',y', 
du meme point dans le repere d'observation (O.x'yV), on d^duit des relations (1) el (2) la relation matrtcielle 
suivante . 
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[0051 ] Ainsi. on conpoil que I'uniie cenirale de traitement d'informations 20 peul. par mise en oeuvre du calcul expose 
ci-dessus. determiner ta position du repere d'observation Cl2 associe a la camera par rapport au repere visible Ai2 
associe a la cible 26 splidaire de cette camera. 

[0052] De plus, selon I'invention, il est prevu de posilionner I'ensembie des systemes optiques. et nolamment-les 
w systemes optiques de reference par rapport a la verticale du lieu de controle du vehicule. 

[0053] A cet effet. on determine une image du miroir 50 dans une premiere position de celui-ci, representee en trails 
forts sur ta figure 3. On deplace ensuite le miroir jusqu'a une seconde position representee en traits mixtes sur ta figure 
3. Le deplacement est opere autour de Taxe A de suspension du miroir Cet axe A correspond a la verticale du lieu 
d'expioitation de installation. 

15 [0054] A partir de I'algorithme memorise, I'untte centrale de traitement d'informations 20 determine, pour les deux 
positions du mtroir tes coordonnees des plans dans lesquels s'etend le miroir La drotte correspondant a {'intersection 
des deux plans ainsi determines. L'unite centrale de traitement d'inlormations 20 determine ainsi la position relative 
du systeme optique de reference par rapport a une famille de plans horizontaux qui sont d'une importance capitate 
pour le cas particulier de la g6om6lrie des v6htcules. 

20 [0055] Sur la figure 4. sont representees schematiquement les systemes optiques 1 2 el 1 4 en regard. er> I'absence 
du vehicule automobile 1 0. Les systemes optiques 1 2 et 1 4 sont disposes, comme sur la figure 1 . Tun en face de I'autre 
avec un espace suffisant pour permettre le passage du vehicule 10. 

[0056] Afin de determiner par exemple la position relative des roues avant du vehicule, il convient de determiner les 
positions relatives des reperes d'obsen/ations associes aux systemes optiques 12 et 14. Ceux<i sont designes par la 
25 figure 6 par CI 2 et CI 4. 

[0057] La matrice de passage entre le repere d'obsen/ation Cl2 et le repere visible A12 est connue. puisque deter- 
minee selon la methode exposee precedemment. 

[0058] Afin de determiner les positions relatives des reperes d'observation Cl 2 et CI 4. le sysleme optique 1 4 realise, ^ 
sous la commande de l'unite de traitement d'informations 20. une image de la cible 26. Celts image est traitee par 

30 l'unite de traitement d'informations 20. 

[0059] Celle-ci. connaissant la configuration geometrique de I'ensembie des points de reference de la cible 26. de- . 
termine, par mise en oeuvre de I'algorithme memorise, la position relative de la cible 26 par rapport au repere d'ob- 
servation C14 du systeme optique obsen/ant. Elle en deduit ainsi la position du repere visible A12 defini par la cible 
26 par rapport au repere d'observation CI 4. 

35 [0060] Connaissant la matrice de passage du repere d'observation CI 2 au repere visible A1 2 et inversement. Tunite 
centrale de traitement d'informations 20 determine les positions relatives des reperes d'observation C12 et C14. 
[0061] Ainsi. l'unite centrale de traitement d'informations 20 determine la position relative entre les reperes d'obser- 
vation associes aux deux systemes optiques en regard 12 et 14. 

[0062] De meme, le systeme optique 1 6 dispose du cote oppose au systeme optique 1 2 par rappon a templacement 
40 du vehicule 10 observe la cible 26 portee par le systeme optique 12 en rabsence de vehicule. De maniere analogue, 
l'unite de traitement d'informations 20 determine la position du repere d'obsen/ation, note CI 6. associe au sysleme 
optique 16 par rapport au repere d'observation C12 du systeme optique de reference. 

[0063] Enf in, le systeme optique 1 6 elant egalement muni d'une cible immobilisee par rapport a la camera incorporee 
dans ce systeme optique. I'observaton de celui-ci a partir du systeme optique 1 8 permet, a l'unite cenirale de traitement 
■i5 d'informations 20. de determiner la position du repere d'observation note C18 associe au systeme optique 18 par 
rapport au repere d'obsen/ation C16 du systeme optique de reference 15. 

[0064] En effet. de maniere analogue au proc6d6 d6crit en regard de la figure 4, ta connaissance des positions 
relatives du repere visible de la cible portee par le sysleme optique 16 el du repere d'obsen/ation associe au sysleme 
optique 16 permet de determiner les positions relatives des reperes d'obsen/ation C16 et C18. 
50 [0065] Ainsi. par chainage. si un systeme optique est dit de reference. I'ensembie de I'inslallatton est referencee. 
[0066] Apres mise n place du vehicule 10. les quatre systemes optiques ne peuvent plus s'obsen/er I'un I'autre. 
Toutefois, chacun d'eux est susceptible de prendre un irr^ge d'une roue R du vehicule. 

[0067] Commo docril dans la domandc WO-94/05969. chaquc rouo est munic d'une ciblo ou applique 60 rclice 
rigidement i de manier connue a la roue. Chaqu appliqu comport e un nsemble de marques reparti s suivant 
55 un configuration geometrique connue t merr»oris ' dans l'unite de traitement d'information 20. 

[0068] Avant de proced r a la determination des positions relatives d s appliques et done cell s des rou s. il convi nl 
de prendre en compte le voile de chaque applique et son exc ntrage afin que Punile centrale de traitem nl d'informa- 
tions 20 en tienne compt tors des calculs ulterieurs A cet effet. et suivant un procede connu en soi. l'unite 20 analyse 
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plusieurs images de chaque roue prises dans des positions dislinctes determinees. 

[0069] * A partir de Tobservalion simullanee de chaque applique 60 depuis les quatre systemes opiiques I'unite can- 
irale de Iraitement d'infofmations 20 determine la position relative de chaque roue par rapport au repere d'observation 
de la camera associee comme connu en soi. En effei. le centre des roues etant connu. les plans honzontaux etant 
5 connus. leur section avec le plan des roues etant connue. la verticale du lieu elant connue. il est aise de retrouver les 
angles et les distances caractertstiques de la geometric du vehicule. 

[0070] Connaissant les positions relatives des reperes d'observation des quatre systemes optiques. I'unite centrale 
de traitement d'informations 20 deduit les positions relatives des quatre roues du vehicule. 11 est ainsi possible de 
determiner la geometrie du vehicule et d'eff ectuer toute operation de reglage necessaire au (onclionnement satisfaisant 
10 du vehicule. 

[0071] On con^oit qu'avec une telle installation, la position des quatre systemes optiques peut eire modifiee pour 
chaque vehicule. De plus, il n'est pas necessaire entre chaque operation de mesure de maintenir une position fixe 
entre les systemes optiques. II suffit simplement qu'entre chaque vehicule. I'unite 20 determine a nouveau les positions 
relatives des reperes d'observation associes aux differents systemes optiques. suivant le procede explique precedem- 
J5 ment. Ainsi. installation est d'un faible encombrement et peut etre entreposee facilement en dehors des phases d'uti- 
lisation. 

[0072] Par ailleurs. I'lnstallation el le procede decrits ici soni generalisables a un nombre quelconque de cameras 
referencees les unes par rapport aux autres. Ainsi, il est possible de mesurer le vehicule dans dilferenles attitudes *et 
^ des hauteurs ditf6rentes. 

20 



Revendlcations 

1. Installation optique de determination des positions relatives d'au nrxjins deux objets (R) dans I'espace. du type 
25 comportant au moins deux systemes optiques (12. 14, 16. 18) chacun associc a un rcpcrc d'observation (C12.- 

CI 4, CIS, Cl 8), les systemes optiques etant adaptes chacun pour la determination de la position d'un obj t dans 
I'espace par rapport a son repere d'observation (C12, CI 4, CI 6. CI 8), a partir d'une image de I'objet relevee par 
ledil systeme optique (12, 14. 16, 18), caracterisee en ce que les systemes optiques (12, 14. 16, 18) sont'depla- 
gables les uns par rapport aux autres. en ce qu'un systeme optique (12. 16). constituant un systeme optique de 

30 reference, comporte un ensemble (26) de points de reference, de configuration geometrique connue. I'ensemble 

(26) des points de reference etant immobilise dans une position connue par rapport au repere d'observation (CI 2, 
CI 6) du systeme optique de reference (12. 16). et visible depuis le ou chaque autre systeme optique (14. 16. 18) 
en I'absence des objets, en ce que le ou chaque autre systeme optique (14. 16. 18) comporte des moyens (20) 
d'analyse d'une image de I'ensemble (26) des points de reference et des moyens (20) de positionnement de 

35 I'ensemble (26) des points de reference par rapport a son repere d'obsen^ation (CI 4. CI 6, CI 8). et en ce qu'elle 

comporte des moyens (20) de deduction de la position du repere d'obsen/ation (C14. C16. C18) du ou de chaque 
autre systeme optiqtie (14, 16^ 18) par rapport au repere d'observation (C12. C16) du systeme optique de refe- 
rence, a partir de la position de I'ensemble (26) des points de reference par rapport a chaque repere d'observation 
(C14/CI6. CI 8). et de la position connue de I'ensemble (26) des points de reference par rapport au repere d'ob- 

40 servatlon (CI 2. CI 6) du systeme optique de reference (12. 16). 

2. Installation selon la revendication 1, caracterisee en ce que chaque systeme optique (12, 14, 16, 18) comporte 
une camera video (12A. 14A, 16 A. 18 A) supportee par un pied (24) el reliee a une meme unite centrale de traite- 
ment d'infomnations (20). 

45 

3. Installation selon la revendication 1 ou 2. caracterisee en ce que ledit ensemble (26) de points de reference conn- 
porte un groupe de rrarques visibles discretes coplanaires (26A) ainsi qu'au moins une marque visible non copla- 
naire (26B). 

50 4. Installation selon I'une quelconque des revendication s precedentes, caracterisee en ce qu'elle comporte d s ap- 
pliqu s(60)adapteespourelresolidarise s chacun a unobjet(R) dans une position connue. etencequ chaque 
system optiqu (12, 14, 16. 18) comporte des nrwyens (20) de determination d la position d'une appliqu (60) 
dans rcspac par rapport k son repere d'observation (C12. C14. C16, C18) cl des nrK>ycns (20) do dcduclion do 
la position de I'objet (R) par rapport a son rep* re tfobs rvation (C12. C14, Cl6. C18) a partir de la position d ter- 

55 minee d I'applique (60) par rapport k son repere d'observation (C12. C14. Ci6. C18) el d la position connue d 

I'appliqu (60) par rapport a Tobj t (R). 

5. Installalioncomportant quatre systemes opiiques (12. 14. 16. 18) destines a el re disposes sensiblemenl aux som- 
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mets d'un quadrilatere pour la determination des positions relatives de quatre ob|ets (R) dans I'espace les ob|ets 
(R) etanl disposes a I'mteneur de la 7one delimilee par le quadrilatere caracterisee en ce qu'elle compone deux 
installations optiques (12. 14. 16. 18. 20) selon I'une quelconque des revendications precedentes. I'ensemble (2S) 
des points de relerence d'un premier systeme optique de reference (12) eiant visible depuis le second sysieme 

5 optique de relerence il6) en I'absence des obiets (R). en ce que le second sysieme optique de reference (15) 

comporte des moyens (20) d'analyse d'une image de fensemble (26; des points de reference du premier sysieme 
optique de reference (12) et des moyens (20) de positionnemeni de I'ensembte (26:. des points de reference (12) 
par rapport a son repere d'observation (CI 6). en ce qu'elle comporte des moyens (20) de deduction de la position 
du repere d'observation (Cl5) du second systeme optique de reference (16) par rapport au repere d'obsen/ation 

10 (C12) du premier systeme optique de reference du premier systeme optique de reference (12), a partir de la 

position de I'ensemble (26) des points de reference du premier sysieme optique de reference (12) par rapport au 
repere d'cbservalion (C16) du second systeme optique de reference (15). et de la position connue de l ensemble 
(26) des points de reference du premier systeme optique de reference (12) par rapport au repere d'obseivation 
(CI 2) du premier systeme optique de reference (12). el en ce qu'elle comporte des moyens (20) de deduction des 

15 positions relatives des reperes d'observation (C12, C14. Cl6. CIS) de chaque systeme optique (12. 14, 16. 18). 

6 Procede optique de determination des positions relatives d'au moms deux objets (R) dans I'espace. du type mettant 
en oeuvreaumoins deux systemes optiques (12. 14. 16. 1 8) chacunassocie a un repere d'observation (Ci 2, C14, 
CI 6 C 18) les systfemes optiques 6tant adapt6s chacun pour la determination de la position d'un objet dans I'es- 

20 pace par rapport a son repere d'obsen/alicn (C12. C14. C16. C18), a partir d'une image de I'objel relevee par ledil 

systeme optique (12, 14. 16. 18). caracterisee en ce que les systemes optiques (12. 14. 15, 1 8) sont depla?ables 
les uns par rapport aux autres, en ce que I'on munit un systeme optique (12. 16). constituant un systeme optique 
de reference d'un ensemble (26) de points de reference, de configuration geometrique connue. I'ensemble (26) 
de points de reference etant immobilise dans une position connue par rapport au repere d'observation (Ci2, CIS) 

2S du systeme optique do rcfcsronco (12, 16), ot visible depuis Ic ou chaque autre systcmo optique (14. 16. 18) cn 

{'absence des objets (R). en ce que le ou chaque autre systeme optique (14. 16, 18) analyse une image de I'en- 
semble (26) des points de reference et determine le positionnemeni de I'ensemble (26) des points de reference 
par rapport a son repere d'obsen/ation (CI 4. C 16. C 1 8), el en ce que I'on deduit la position du repere d'observation 
(C14 C16 CIS) du ou de chaque autre systeme optique (14, 16, 18) par rapport au repere d'observation (C12, 

30 CI 6) du sysieme optique de reference, a partir de la position de I'ensemble (26) des points de reference par rapport 

a chaque repere d'observation (C 1 4. CI 6, C 1 8). et de la position connue de I'ensemble (26) des points de reference 
par rapport au repere d'observation (C12. C16) du systeme optique de reference (12. 16). 
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(54) Optical determination of the relative positions of objects in space 

(57) The equipment of optical determination of relative positions of at least two objects (R) such as 
vehicle wheels, is made up of two optical determination systems (12,14) of an objects relative 
position in space, each in relation to its observation marker (C12, C14). An optical system of 
reference (12) is made up of an aim (26) visible from the other optical system (14)^uring the 
rabsence of the objects (R). The other optical system (14) will be made up of means (20) of analysis 
of an image of the aim (26) and means (20) of positioning of the aim (26) in relation to its 
observation marker (C14), in order to deduce the position of the observation marker (C14) of the 
other optical system (14) in relation to the observation marker (C12) of the optical system of 
reference, from the positions of the aim (26) in relation to the observation marker (C14), and of the 
aim (28) in relation to the observation marker (C12) of the optical system of reference (12). 
Application to a vehicle's geometry control. 

FIGJ 



Description 

- [0001] This invention concerns an equipment of optical determination of relative positions 
of at least two objects in space, of the type made up of at least two optical systems, each 
associated to an observation marker, the optical systems each being adapted for the 
determination of an object's position in space, in relation to its observation marker; from an 
image of the object collected by the aforesaid optical system.. 

- [0002] It moreover concerns a process of optical determination of relative positions of at 
least two objects in space, of the type making use of at least two optical systems each 
associated to an observation marker, (the optical systems each being adapted for the 
determination of an object's position in space, in relation to its observation marker, from an 
image of the object collected by the aforesaid optical system.. 
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[0003] For a vehicle's geometry control, it is necessary to know the relative positions of the 
vehicle's wheels. This data allows to control and possibly correct the wheel alignment and 
in particular the vehicle's geometry. 

[0004] For this purpose, different equipments and procedures are known, allowing, with the 
help of several optical systems, each observing a wheel of the vehicle, he determination of 
the relative positions of these wheels. Such mechanisms and procedures are described for 
instance in the documents WO-94/05969 and US-A-5,675,515. 

[0005] In these equipments the optical systems are made up of independent, cameras, or a 
sole camera, combined with sets of lenses defining distinct optical routes of a same incident 
ray. The optical systems allow simultaneous observation of the vehicle's wheels, and, fi-om 
the wheels images, to determine their relative positions. 

[0006] For this purpose, it is necessary for the different optical systems to be in known 
relative positions, otherwise it is impossible to correlate the data obtained from the images 
of each wheel. In order to guarantee stable relative positions of the optical systems, the ones 
with respect to the others, the mechanisms described in these documents provide fixed 
mechanical structures on which the optical systems are immobilized. 
[0007] The presence of such fixed mechanical structures makes the equipment bulky. 
Moreover, it is fragile since the distortion, for instance following an involuntary shock, of 
the fixed mechanical structures leads to disproportioned errors of the vehicle wheel's 
relative positions. 

[0008] The invention intends to offer equipment and procedures for the optical 
determination of relative positions, in space, of at least two objects, more particularly of the 
vehicle's wheels, the equipment having reduced dimensions, being easy to use, and having 
reduced sensitivity to harsh conditions found in a garage. 

[0009] For this purpose, the invention intends to offer an equipment and procedure of 
optical determination of relative positions, in space, of at least, two objects, mentioned 
above, characterized by the mobility of optical systems the ones with respect to the others, 
by the fact that an optical system, forming an optical system of reference, is made up of a set 
of points of reference, of known geometrical configuration, the set of reference points being 
immobilized in a known position in relation to the optical system of reference's observation 
marker, and visible the or each other optical system in the absence of the objects, by the fact 
that the or each other optical system includes means of analysis of an image of the set of 
reference points and means of positioning of the set of reference points in relation to its 
observation marker, and by the fact that it includes means of deduction of the position of the 
observation marker of the or each other optical system in relation with the optical system's 



observation marker, from the position of the set of reference points in relation to each 
observation marker, and the known position of the set of reference points in relation to the 
observation marker of the optical system of reference. 

- [0010] Following characteristic methods of realization, the optical equipment is made up of 
one or several of the following characteristics: - each optical system includes a video camera 
held up by a tripod and linked to a common data processing central unit ; - the aforesaid set 
of reference points is made up of a group of discreet visible coplanar markers as well as at 
least one visible non coplanar marker. ; - it's made up of brackets fitted to each be linked to 
an object in a known position, and so that each optical system includes means of 
determination of the position of a bracket in space with respect to its observation marker, 
means of deduction of the object's position in respect to its observation marker from the 
bracket's determined position with respect to its observation marker and of the known 
position of the bracket with respect to the object. - the equipment including four optical 
systems intended to be approximately set out at the vertexes of a quadrilateral for the 
determination of the relative positions of four objects in space, the objects being set out 
inside the zone delimited by the quadrilateral; it includes two pieces of optical equipments 
such as defined above, the set of reference points of a first optical system of reference being 
visible from the second optical reference system, in the absence of objects, the second 
optical system of reference includes means of analysis of an image of the set of reference 
points of the first optical system of reference and means of positioning of the set of 
reference points in relation to its observation marker; it includes means of deduction of the 
position of the observation marker of the second optical system of reference, from the 
position of the set of reference points of the first optical system of reference with respect to 
the observation marker of the second optical system of reference, and from the known 
position of the set of reference points of the first optical system of reference with respect to 
the. observation marker of the first optical system of reference and it includes means of 
deduction of the observation marker's relative positions of each optical system. 

- [001 1] Besides, the invention has the purpose of an optical method of determination of the 
relative positions of at least two objects in space, of the type aforementioned, characterized 
by the fact that the optical systems are mobile the ones with reference to the others, and that 
an optical system, forming an optical system of reference is equipped with a set of reference 
points, of known geometrical configuration, the set of reference points being immobilized in 
a known position with respect to the optical system of reference's observation marker, and 
visible from the or each other optical system in the absence of the objects, that the or each of 
the optical system analyses an image of the set of reference points and determines the 
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positioning of the set of reference points with respect to its observation marker, that the 
position of the observation marker of the or each optical system with respect to the optical 
system of reference's observation marker, can be deduced from the position of the set of 
reference points with respect to each observation marker, and from the known position of 
the set. 

[0012] The invention will be better understood after reading the following, given only as an 
example and in reference to the sketches, as so : 

Figure 1 is a top view of an optical equipment following the invention adapted to determine 
the relative positions of the four wheels of an automobile ; 

Figures 2A et 2B are perspective views of a common optical system of reference of the 

device of figure 1 on which are respectively represented an observation marker to the image 

collecting gear and a visible marker defined by a set of reference points. 

Figure 3 is a view in perspective of an optical system of reference placed in front of a 

mirror, which is mobile between two positions, in order to determine the position of the 

observation marker of the optical system with respect to its visible marker, and 

Figure 4 is a diagrammatic view illustrating the determination following the invention of the 

relative positions of the observation markers of the two opposite optical systems. 

[0013] The equipment pictured on figure 1 is meant to determine, in an optical way, the 
relative positions of the four wheels R of an automobile indicated by reference 10. 
[0014] The equipment is made up of four optical systems 12, 14, 16, 18 associated each to a 
wheel R of the vehicle. Each of them includes a CDD video camera marked 12 A, 14 A, 16A. 
18A. These four cameras are connected to a central data processing unit 20 made for 
instance by a computer set up to handle the incoming images. 

[0015] The optical systems 12, 14, 16, 18 are mobile with respect to each other around the 
vehicle 10. For a correct operation , the optical systems are arranged still at the four vertexes 
of a quadrilateral, more particularly a rectangle surrounding the vehicle. 
[0016] The optical system 12 is represented in perspective in figures 2A and 2B. The video 
camera 12A is supported by a tripod 24 suitable to be placed on the floor. Moreover, the 
camera 12A is integral with an aim 26 defining a visible marker (0,xyz) marked A 12, and 
visible on figure 2A. The aim 26 is brought to a standstill by mechanical means with respect 
to the camera structure and more particularly with respect to its observation marker (O'xyz*) 
marked C12. The observation marker C12 is connected to the camera 12A 's image collecting 
component 28 and more particularly to its CCD sensor. 



[0017] The optical system 12 forms an optical system of reference. In the same way, the 
optical system 16, set out in the opposite comer with respect to the vehicle in the 
configuration of figure 1, forms also an optical system of reference and has a structure 
identical the one of the optical system 12. 

[0018] On the contrary, the optical systems 14 and 18 are devoided of aim and include an 
ordinary video camera 14A, 1 8A supported by a tripod. 

[0019] In variation, the optical systems 14 et 18 have the same structure as the optical 
systems 12 and 16. In that case, the four optical systems are optical systems of reference , 
which allows redundant measurements and therefore a higher reliability of those 
measurement results. 

[0020] As represented in figure 2A, the aim 26 is made up, for instance, by a disk with an 
axis O. Twelve coplanar points are distributed on its circumference 26A. Furthermore, the 
aim 26 includes a thirteenth point 26B set out in front of the main plane of the disk 
containing the twelve points 26A. 

[0021] This point particularizes the disk 26 angularly and allows to define two orthogonal 
axis, Ox and Oy in the plane of the aim. The axis Oy runs advantageously at point 26B. 
[0022] The aim 26 shows a principal axis of symmetry, defined by the twelve coplanar 
points regularly distributed on the circumference of the disk. The main axis of symmetry 
forms an Oz axis perpendicular to the axis Ox, Oy. 
[0023] The axis Oz, Oy, Oz and the point O define the visible marker A12. 
[0024] That way, the aim 26 forms a set of reference points, of known geometrical 
configuration, defining the visible marker A 12. The former is brought to a standstill in a 
position that can be determined with respect to the observation marker C12 of the camera. 
[0025] As represented on figure 28, the observation marker C12 has for axis, marked O', the 
axis of the CCD sensor of the camera 12A. The observation marker is defined by a trihedron 
(CTX*, oy, 0*z'), where Oz* is the optical axis of the camera, OY is an axis parallel to the 
CDD sensor's horizontal lines of pixels and is an axis parallel to the vertical columns of 
pixels of the CCD sensor. 

[0026] The geometrical configuration of the set of points of reference of the aim 26 is 
memorized in the data processing unit 20. 

[0027] The data processing unit 20 can bring into operation algorithms determining the 
position of an object in space. In particular, it is adjusted in order to determine the position 
of an object holding a set of reference points set up according to a known geometrical 
configuration, this configuration having first been memorized in the unit 20. This position is 
determined after the image of this object taken by a camera connected to the data processing 
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unit. The position of the object in space is calculated with respect to the observation marker 
C12 of the camera. The algorithm brought into operation is of all adapted types and for 
example of the type described in the application WO 94/05969. 

- [0028] In order to bring into operation such algorithms, it is advisable to use cameras that 
have been standardized beforehand to compensate for errors resulting from imperfections of 
the camera and its included sensor. 

- [0029] For this purpose, we determine, for each camera, its intrinsic characteristics 
(observation marker, focal distance, size of image elements or pixels, radial distortion, 
tangential distortion) and its extrinsic characteristics (rotation and translation which, applied 
to the observed object, form an image strictly identical to the image observed by the camera 
cleared of its distortions). In that way we determine by known methods the corrections that 
have to be brought to the produced images in order to determine a correct position of an 
object in space. 

- [0030] In order to bring the method into operation following the invention, it is necessary to 
know, for each optical system of reference 12, 16, the relative positions of the observation 
marker of the camera, and of the visible marker defined by the aim. In fact, it is extremely 
tricky, or even impossible, during the immobilization of the aim on the camera , to fasten the 
latter so that the two markers C12 et A12 merge exactly, 

- [0031] Figure 3 shows the method brought into operation to determine the relative position 
of the two markers C12 and A 12 characteristic to the optical system 12. The method used 
for the optical system 16 is similar. 

- [0032] After this method, the optical system 12 is set out opposite to the reflecting side of a 
plane mirror 50. This mirror is hung onto a support 52. The means of suspension are 
adjusted to allow the free rotational movement of the mirror around a vertical axis A 

- [0033] On its reflecting side the mirror 50 includes a set of reference markers 54A made up 
of black disks distributed, in a known geometrical figure such as a square, at the 
circumference of the mirror. An additional reference marker 54B is set up in front of the 
reflecting side of the mirror 50. The geometrical configuration of the reference markers 54A 
et 54B is known and memorized in the data processing unit 20. 

- [0034] On figure 3, the normal to the mirror 50 is marked n. This normal is perpendicular to 
the mirror and runs through the center of the figure defined by the set of markers 54 A et 
54B. The mirror includes its own marker (Om, XmYmZm) of which the center Om is the 
center of the figure defined by the markers 54A. The axis OmZm runs after the normal n. 
The axis OmXm and OmYm run perpendicularly one to the other in the plane of the mirror 
50. Advantageously the axis OmYm runs parallel to the axis A 
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- [0035] The aim 26, bearing the set of reference points 26A and 26B, is thrown back on the 
reflecting surface of the mirror 50 and forms an image of the aim marked 56 on the mirror. 

- [0036] In that way, the camera 12A collects, in the observation marker CI 2, an image of the 
reflecting side of the mirror 50 including on one hand the set of reference markers 54A and 
54B, and on the other hand, the reflected image 56 of the aim supported by the optical 
system. 

- [0037] The camera 12A connected to the data processing unit 20 defines, from the 
memorized algorithm, the position of the mirror 50 with respect to the observation marker 
CI 2, using the image taken from the set of reference markers 54A and 54B supported by 
the mirror. 

- [0038] In the same way, the data processing unit 20 defines, by bringing into operation the 
memorized algorithm, the position of the virtual image of the aim 28 with respect to the 
observation marker C12 of the camera. More precisely, the data processing unit 20 defines 
the position of a visible virtual marker (O", x"y"z") associated to the virtual image 26 with 
respect to the observation marker (O'x'y^z') of the camera. 

- [0039] The visible virtual marker (O", x"y"z") is the virtual image of the visible marker 
(0,xyz) obtained by reflection in the mirror 50. 

- [0040] From the relative positions, of the observation marker (O*, x'y'z*) with respect to the 
mirror's marker (Om ,XmYmZm) on one hand, and of the visible virtual marker (0"x"y"z") 
with respect to the observation marker (O',xyz0 on the other hand, the data processing unit 
20 defines the position of the observation marker (0', xyz*) of the camera, in relation to the 
visible marker (0,xyz) defined by the aim 26. 

- [0041] For this purpose, the data processing unit 20 proceeds as follows. 

- [0042] With the algorithm brought into operation by the unit 20, the position of the virtual 
image, corresponding to the image 56 of the aim and obtained by reflection into the mirror 
50 is defined by analysis of the image collected by the camera 12A 

- [0043] This positioning allows the definition of a matrix Mo-v running through the virtual 
marker (0",x"y"z") connected to the virtual image and the observation marker (0',x'y'z'). 
This change of markers expresses itself in a matrix form as follows : 
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Mo-v being a 4x4 matrix. 

where R is a 3x3 subset matrix of rotation 

T is a 1x3 subset matrix of translation 

(x",y",z") are the coordinates of a point M visible virtual marker (0",x"y"z") ; and 
(x',y\z') are the coordinates of a point M in the observation marker (0*,x'yz*). 

- [0044] With an algorithm of the same kind, the data processing unit 20 defines the position 
of the mirror 50, and more precisely of its associated marker (Om, Xm Ym Zm) in the 
observation marker (0\xyz') connected to the camera. To realize this, the data processing 
unit 20 analyses the image of the mirror 50 collected by the camera and defines the position 
of the mirror 50 fi-om the analysis of the position of the reference markers 54A and 54B 
appearing on the image. 

- [0045] A crossing matrix Mm, between the observation marker(0', xyz') and the marker 
(Om,Xm YmZm) of the mirror, is defined in that way. The coordinates of a same point M in 
the two markers are consequently bound by the relation : 
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with Rm being a 3x3 subset matrix of rotation 
Tm, is a 1x3 subset matrix of translation; and 

(Xm Ym Zm) are the coordinates of the point M in the marker of the mirror (Om,XmYmZm) 



from which we deduce 
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where N4m-1 is the inverse of the matrix Mm 
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[0046] In that way, it is possible to express, in the visible virtual marker (0",x"y"z") the 
coordinates of the point M according to its coordinates in mirror marker (Om,XmYmZm) 
with the following matrix relation : 
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- [0047] In order to define the position of a real point M in the marker of the mirror 
(Om,XmYmZm), we use the property according to which the virtual image of a point of 
coordinates (x,y,z) in a given marker, when the mirror extends after the plane Ox, Oy, has 
for coordinates (x,y, z). 

- [0048] In that way, the coordinates (x",y",z") of the virtual image in the visible virtual 
marker of the point M of coordinates (x,y,z) in the visible marker are obtained with the 
application of the following diagonal matrix Sz : 

fi 0 0 d" 
010 0 
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[0049] The coordinates (xyz) of a point M expressed in the visible marker (0,xyz) express 
themselves according to the coordinates pCmYmZm) of this same point in the marker of the 
mirror (Om XmYmZm), as follows : 
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In writing Mo - Mo-v**Sz. Consequently Mo* is the crossing matrix of the mirror marker (Om 
XmYmZm) at the visible marker (0,xyz). 

- [0050] In order to define the coordinates of a point in the visible marker (0,xyz) from the 
coordinates (x\y\z') of the same point in the observation marker (0,xyz*), we deduce from 
the relations (1) and (2) the following matrix relation : 
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- [0051] In that way, we understand that the central data processing unit 20 can, by using the 
calculation above, define the position of the observation marker C12 associated to the 
camera with respect to the visible marker A 12 associated to the aim 26 interdependent with 
this camera. 

- [0052] Moreover, following the invention, it is planned to position the whole set of optical 
systems, and more precisely the optical systems of reference with respect to the vertical of 
the place of control of the vehicle. 

- [0053] For this purpose, we define an image of the mirror 50 in its first position, represented 
with thick strokes on figure 3. We then move the mirror to a second position represented 
with joined strokes on figure 3. The shifting is carried out around the mirror's suspension 
axis A. This axis A corresponds to a vertical of the equipment's place of operation. 

- [0054] From the memorized algorithm, the central data processing unit 20 defines, for the 
two positions of the mirror, the coordinates of the planes in which the mirror stretches out. 
The line A corresponds to the intersection of the two planes defined in this way. In this way, 
the central data processing unit 20 defines the relative position of the opfical system of 

L 



reference with respect to a group of horizontal planes which are of primary importance for 
the particular case of vehicle geometry. 

- [0055] On figure 4, the opposite optical systems 12 and 14 are represented 
diagrammatically, in the absence of the automobile 10. The optical systems 12 and 14 are set 
out, as in figure 1, one facing the other with a sufficient space to allow the vehicle 10 to pass 
through. 

- [0056] In order to define for instance the relative position of the vehicle's front wheels, the 
relative positions of the observation markers associated to the optical systems 12 and 14 
have to be defined. The former are represented on figure 6 by C12 and C14. 

- [0057] The crossing matrix between the observation marker C12 and the visible marker A12 
is known since it has been defined following the previously described method. 

[0058] In order to determine the relative positions of the observation markers C12 and C14, 
the optical system 14 produces, under the command of the data processing unit 20 an image 
of the aim 26. This image is processed by the data processing unit 20. 

- [0059] This unit, knowing the geometrical configuration of the set of points of reference of 
the aim 26, defines, by using the memorized algorithm, the relative position of the aim 26 
with respect to the observation marker C14 of the observing optical system. In that way it 
deduces the position of the visible marker A12 defined by the aim 26 with respect to the 
observation marker C14. 

- [0060] Knowing the crossing matrix of the observation marker C12 at the visible marker 
A12 and. vice versa, the central data processing unit 20 determines the relative positions of 
the observation markers CI 2 and C14. 

- [0061] In that way, the central data processing unit 20 determines the relative position 
between the observation markers at the two opposite optical systems 12 and 14. 

- [0062] In the same way, the optical system 16 set out on the opposite side of the optical 
system 12 with respect to the location of the vehicle 10 observes the aim 26 supported by 
the optical system 12 in the absence of a vehicle. In the same way the data processing unit 20 
determines the position of the observation marker, written C16, associated to the optical 
system 16 with respect to the observation marker C12 of the optical system of reference. 

- [0063] Finally, the optical system 16 is also equipped with an aim, immobilized in relation 
to the camera inserted in this optical system , the observation of the former with the optical 
system 18 allows the central data processing unit 20 to determine the position of the 
observation marker, marked CI8 associated to the optical systems 16 with respect to the 
observation marker CI6 of the optical system of reference 16. 
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- [0064] In fact, with a procedure similar to the one described opposite to figure 4, the 
knowledge of the relative positions of the visible marker of the aim, supported by the optical 
system 16 and of the observation aim associated with the optical system 16, allow the 
determination of the relative positions of the observation markers C16 and CI 8. 

- [0065] And that way, by chaining, if an optical system is called of reference , the whole 
equipment is bearing a reference. 

- [0066] After positioning the vehicle 10, the four optical reference systems can't observe 
each other any more. Nevertheless, each of them is capable of taking an image of a wheel R 
of the vehicle. 

- [0067] As described in the application WO-94/05969, each wheel is equipped with an aim 
or bracket 60 connected rigidly and in a known manner to the wheel. Each bracket includes 
a set of markers arranged after a geometrical configuration known and memorized in the 
data processing unit 20. 

- [0068] Prior to determining the relative positions of the brackets and consequently of the 
wheels, it is advisable to take in account the buckle of each bracket and its off-centering in 
order for the central data processing unit 20 to take it into account for fiirther calculations. 
For this purpose, and following a method known per se, the unit 20 analyses several images 
of each wheel taken in distinct determined positions. 

[0069] From the simultaneous observation of each bracket 60 fi-om the four optical systems, 
the central data processing unit 20 determines the relative position of each wheel with 
respect to the observation marker of the camera associated as known per se. In fact, the 
center of the wheels being known, the horizontal planes being known, their point of section 
with the plan of the wheels being known, the vertical of the place being known, it is easy to 
find 16 angles and the characteristic distances of the vehicle's geometry. 

- [0070] Knowing the relative positions of the observation markers of the four optical 
systems, the central data processing unit 20 deduces the relative positions of the vehicle's 
four wheels, and so it is possible to determine the vehicle's geometry and to realize all 
adjusting procedures necessary to a satisfactory operation of the vehicle. 

- [0071] It is understood that with such an equipment, the position of the four optical systems 
can be modified for each vehicle. Moreover, it is not necessary between each measuring 
operation to keep a fixed position between the optical systems. It is sufficient that between 
each vehicle, the unit 20 again determines the relative positions of the observation markers 
associated to the different optical systems, following the method previously explained. So 
the equipment is of little dimension and can be easily stored when not in use. 
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- [0072] Moreover, the equipment and the method described here can be generalized to any 
number of cameras referenced the ones with respect to the others. In this way, it is possible 
to measure the vehicle in different positions and at different heights. 

Claiming 

L The optical equipment of determination of the relative positions of at least two objects (R) in 
space, of the type including at least two optical systems (12, 14, 16, 18) each associated to an 
observation marker (C12, CI 4, CI 6, CI 8), the optical systems being each adapted for the 
determination of an object in space with respect to its observation marker (C12, CI 4, CI 6, C18), 
from an image of the object recorded by the optical system (12, 14, 16, 18) characterized by the fact 
that the optical systems (12 ,14, 16, 18) are mobile ones compared to the others, that an optical 
system (12, 16), forming an optical system of reference , includes a set (26) of points of reference, 
of known geometrical configuration, the set (26) of points of reference being immobilized in a 
known position with respect to the observation marker (C12, CI 6) of the optical system of reference 
(12, 16), and visible from the or each other optical system (14, 16, 18) in the absence of the objects, 
by the fact that the or each other optical system (14, 16, 18) includes means (20) of analysis of an 
image of the set (26) of reference points and of the means (20) of positioning of the set (26) of 
reference points with respect to its observation marker (C14, C16, C18), that it includes means (20) 
of deduction of the position of the observation marker (CI 4, C16, C18) of the or each other optical 
system (14, 16, 18) with respect to observation marker (C12, C16) of the optical system of 
reference, from the position of the set (26) of points of reference with respect to each observation 
mark (C14, CI6, C18), and of the known position of the set (26) of reference points with respect to 
the observation marker (C12, CI 6) of the optical system of reference (12, 16). 

2. Equipment following claim 1, characterized by the fact that each optical system (12, 14, 16, 18) 
includes a video camera (12A, 14 A, 16 A, 18 A) supported by a tripod (24) and connected to a 
common central data processing unit (20). 

3. Equipment following claim 1 or 2, characterized by the fact that the aforesaid set (26) of points of 
reference includes a group of visible discreet coplanar markers (26A) as well as at least one visible 
non coplanar marker (26B). 

4. Equipment following one of any of the previous claims, characterized by the fact that it includes 
brackets (60) adjusted to be joined each to an object (R) in a known position, and by the fact that 
each optical system (12, 14, 16, 18) includes means (20) of determination of a position of a bracket 
(60) in space with respect to its observation marker (C12, C14, C16, C18) and means (20) of 
deduction of the object's position (R) with respect to its observation marker (C12, C14, CI6, C18) 
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from the determined position of the bracket (60) with respect to its observation marker (C12, C14, 
C16, C18) and to the known position of the bracket (60) with respect to its object (R). 
5. Equipment including four optical systems (12, 14, 16, 18) intended to be set out sensibly on the 
vertex of a quadrilateral to determine the relative positions of four objects (R) in space, the objects 
(R) being set out on the inside of the area delimited by the quadrilateral, characterized by the fact 
that it includes two optical equipments (12, 14, 16, 18, 20) following one of any of the previous 
claims, the set (26) of points of reference of a first optical system of reference (12) being visible 
from the second optical system of reference (16) in the absence of objects (R), by the fact that the 
second optical system of reference (16) includes means (20) of analysis of an image of the set (26) 
of points of reference of the first optical system of reference (12) and means (20) of positioning of 
the set (26) of points of reference (12) with respect to its observation marker (CI 6), by the fact that 
it includes means (20) of deduction of the position of the observation marker (CI 6) of the second 
optical systems of reference (16) with respect to the observation marker (C12) of the first optical 
systems of reference (12), from the position of the set (26) of points of reference of the first optical 
systems (12) with respect to the observation marker (CI 6) of the second optical systems of 
reference (16), and of the known position of the set (26) of points of reference of the first optical 
systems of reference (12) with respect to the observation marker (CI 2) of the first optical systems 
of reference (12) by the fact that it includes means (20) of deduction of the relative position of the 
observation marker (C12, C14, C16, C18) of each optical systems (12, 14, 16, 18). 

6.0ptical method of determination of the relative positions of at least two objects (R) in space, of 
the type using at least two optical systems (12, 14, 16, 18) each associated to an observation marker 
(C12, C14, C16, C18), the optical systems being each adapted to determine the position of an object 
in space with respect to its observation marker (CI 2, C14, C16, CI 8), fi-pm an image of the object 
revealed by the aforesaid optical system (12, 14, 16, 18), characterized by the fact that the optical 
systems (12, 14, 16, 18) are mobile the ones compared to the others, the fact that an optical system 
(12, 16), forming on optical system of reference is equipped with a set (26) of points of reference, 
of known geometrical configuration, the set (26) of points of reference being immobilized in a 
known position with respect to the observation marker (C12, C16) of the optical systems of reference 
(12, 16), and visible from the or each other optical system (14, 16, 18) in the absence of objects (R), 
by the fact that the or each other optical system (14, 16, 18) analyses an image of the set (26) of the 
reference points and determines the positioning of the set (26) of the points of reference with 
respect to its observation marker (CI4, C16, C18), and by the fact that the position of the observation 
marker (CM, C16, C18) is deduced from the or each other optical systems (14, 16, 18) with respect 
to the observation marker (CI 2, C16) of the optical systems of reference, from the position of the set 
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(26) of points of reference with respect to each observation marker (CI4, C16, C18), and from the 
known position of the set (26) of points of reference with respect to the observation marker (CI 2, 
CI 6) of the optical system of reference (12, 16). 
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